Major depressive disorder (MDD) is a leading cause of disability, morbidity, and diminished quality of life worldwide (Greenberg, Stiglin, Finkelstein, & Berndt, 1993; Mathers, Fat, & Boerma, 2008; Murray et al., 2012) . Unfortunately, existing treatment and prevention efforts are only moderately efficacious (Bohlmeijer, Fledderus, Rokx, & Pieterse, 2011; Calear & Christensen, 2010; Kupfer et al., 1989; Reynolds et al., 2012) . The Research Domain Criteria (RDoC) project aims to solve some of these persistent problems (Cuthbert, 2014; Cuthbert & Insel, 2010) . RDoC seeks to move beyond the current diagnostic nomenclature, and instead identify transdiagnostic dimensional constructs-agnostic to disorder categories-that reflect abnormalities in fundamental functions of the central nervous system. These abnormalities are also presumed to index mechanisms for psychopathology. Identifying dysfunction in these core neural systems should help clarify pathogenesis in more homogenous groups of individuals, as well as identify more specific mechanisms and targets for intervention and prevention (Kujawa, Proudfit, & Klein, 2014; Nelson et al., 2013; Proudfit, 2015; Schmidt, Shelton, & Duman, 2011) .
The ability to detect and respond to positive events in the environment likely represents one such fundamental neural function, and is well-represented in the Positive Valence Systems domain of the RDoC matrix. Reward responding relies heavily on a neural network responsible for the production and regulation of dopamine (DA; Heinz, Schmidt, & Reischies, 1994) . This system, which includes neurons in the ventral tegmental area of the midbrain projecting to the striatum and the medial prefrontal cortex (Schultz, 2006) , is thought to code the incentive properties of stimuli and events in the environment (Allman, Hakeem, Erwin, Nimchinsky, & Hof, 2001 ). Activity of this system increases, for example, following receipt of unexpected rewards, including primary (e.g., food) and secondary (e.g., money) reinforcers (O'Doherty et al., 2004 ).
Yet there is also enormous variation in the ability to respond adaptively to rewards (Pelizza & Ferrari, 2009; Shankman, Klein, Tenke, & Bruder, 2007; Shankman et al., 2013) . In fact, many have proposed that low positive affect (PA), a trait which encompasses anhedonia and blunted reward response (Clark & Watson, 1991; Davidson, 1994; Depue & Iacono, 1989; Watson et al., 1999) , constitutes a core deficit of unipolar mood disorders (Bogdan, Nikolova, & Pizzagalli, 2013; Nelson et al., 2013; Shankman et al., 2013; Treadway & Zald, 2011) . Indeed, whereas high negative affect (NA) is thought to be a nonspecific vulnerability factor across multiple internalizing disorders, low PA is thought to be specific to depression (e.g., Mineka, Watson, & Clark, 1998; Shankman et al., 2013; . PA relies heavily on the activity of the ventral striatal DA system (e.g., Burgdorf & Panksepp, 2006) , and there is evidence that blunted neural response to rewards relates specifically to low PA, and not symptoms of anxiety or broad NA (Foti, Carlson et al., 2014; Keedwell, Andrew, Williams, Brammer, & Phillips, 2005; Shankman et al., 2013) .
Low PA/blunted response to rewards appears not only to be a pernicious characteristic of depression, but may also be a viable vulnerability marker for depression. In addition to evidence for familial aggregation of unipolar depressive disorders (Johnson, McGue, Gaist, Vaupel, & Christensen, 2002; Kendler, 1995) , reward processing deficits appear to be subject to significant familial (e.g., Farmer et al., 2002) and perhaps genetic contributions (Bogdan & Pizzagalli, 2009 ). Moreover, children of depressed parents, who are themselves at elevated risk for depression (Gotlib, Joormann, & Foland-Ross, 2014; Hammen, 2009; Joormann, Eugène, & Gotlib, 2008; Weissman et al., 2006) , tend to show blunted reward responding even in the absence of clinically significant levels of depression (Gotlib et al., 2010) . Rewardrelated impairments have also been shown to prospectively predict the onset of depression (Forbes, Shaw, & Dahl, 2007; Rawal, Collishaw, Thapar, & Rice, 2013) . These deficits also appear to be relatively stable over time , suggesting that neurobehavioral markers of this construct are also likely to be present in vulnerable individuals.
One classic way of identifying vulnerability markers is the family study method (Kendler, 2006; Robins & Guze, 1970) . While family designs cannot disentangle environmental from genetic effects, they can examine familial vulnerability. Specifically, family studies can be used to examine (a) whether reward sensitivity in probands predicts reward sensitivity in their first-degree relatives (i.e., if decreased reward sensitivity is a vulnerability marker, it should aggregate within families) and (b) whether reward sensitivity is abnormal in "healthy" (or low symptom) relatives of probands with low levels of PA-even taking the current functioning of the relatives into account. That is, if blunted response to rewards is a stable familial vulnerability marker, it should be state-independent in the low-symptom relatives, and relate more strongly to family history of depression (e.g., Gottesman & Gould, 2003) . To that end, the present study examined neural response to rewards in a sample of probands and siblings with a wide array of internalizing disorders and symptoms.
The index of neural response to rewards used in the present study was the feedback negativity (FN), an event-related potential (ERP) component which is increasingly used in research on reward processing (Carlson, Foti, Mujica-Parodi, Harmon-Jones, & Hajcak, 2011; Miltner, Braun, & Coles, 1997; Weinberg, Luhmann, Bress, & Hajcak, 2012; Weinberg, Riesel, & Proudfit, 2014) . The FN peaks approximately 250 -300 ms at frontocentral recording sites following the presentation of feedback (Holroyd & Coles, 2002; Miltner et al., 1997) , and has typically been quantified and conceptualized as a negativity elicited by loss feedback that is absent following gain feedback. However, recent evidence suggests that the apparent differentiation in the ERP between gain and loss trials is driven by variation in a reward-related positivity (called the RewP; Proudfit, 2015) that is larger and more positive for reward than nonreward (Carlson et al., 2011; Foti, Carlson et al., 2014; Foti & Hajcak, 2010; Foti, Weinberg, Dien, & Hajcak, 2011; Proudfit, 2015; Weinberg et al., 2012; Weinberg et al., 2014) . The magnitude of the RewP is moderated by variation in genes governing the synaptic degradation of DA . Moreover, it appears that a larger RewP is associated with increased striatal response to rewards (Becker, Nitsch, Miltner, & Straube, 2014; Carlson, Foti, Harmon-Jones, & Proudfit, 2015; Carlson et al., 2011; Foti, Carlson et al., 2014) .
The magnitude of the RewP also reflects individual differences in reward sensitivity: a larger RewP is associated with both selfreported reward sensitivity (Bress, Smith, Foti, Klein, & Hajcak, 2012) and behavioral measures of reward-driven response biases . Additionally, there is evidence that depression is associated with a blunted RewP Foti, Carlson, et al., 2014; Foti & Hajcak, 2009; Liu et al., 2014) . This blunted RewP also appears to relate specifically to symptoms of depression, and not anxiety (Bress, Meyer, & Hajcak, in press; Bress et al., 2012) . Moreover, there is evidence that-even within a depressed sample-the blunted RewP relates most specifically to a decreased ability to respond to positive events in the environment, and is not observed across all symptoms of depression (Foti, Carlson, Sauder, & Proudfit, 2014) .
A blunted RewP not only may be a correlate of depression but also may represent a neural marker of vulnerability for depressive disorders. For instance, a smaller RewP appears to prospectively predict the onset of depression, even accounting for other known risk factors (Bress, Foti, Kotov, Klein, & Hajcak, 2013) . There is also emerging evidence that a family history of depression is associated with a blunted RewP in unaffected individuals (Foti, Kotov, Klein, & Hajcak, 2011; Kujawa et al., 2014) . These two studies had similar aims to the present study, however, both only examined the RewP in the never-affected individual; thus, they were not able to examine or control for the familial nature of the RewP itself. Moreover, each of these studies used diagnoses of major depressive disorder (MDD) as predictors of vulnerability. MDD and reward insensitivity are not synonymous (Foti, Carlson et al., 2014; Pelizza & Ferrari, 2009) as not all individuals with MDD are reward insensitive, and low reward sensitivity may be present in individuals who fall below diagnostic cutoff for MDD as well as in other psychopathologies (e.g., generalized anxiety disorder and social anxiety disorder; DeVido et al., 2009; Guyer et al., This document is copyrighted by the American Psychological Association or one of its allied publishers.
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2012; Jazbec, McClure, Hardin, Pine, & Ernst, 2005; Kashdan, 2004) . The present study therefore used a family design and collected neural response to rewards in both probands and siblings. Rather than examining the transmission of MDD, we examined the familial nature of PA, measured dimensionally in a community sample selected to have a broad range of internalizing psychopathology. In addition, the present study examined whether the blunted RewP represents a familial vulnerability marker for low PA. In other family studies, this is done by looking at the risk factor in "healthy" siblings (e.g., comparing eye-tracking dysfunction in healthy relatives of schizophrenics to relatives of controls; Holzman et al., 1974) . However, in line with the RDoC initiative, any definition of "healthy siblings" (and diagnostic group) would be arbitrary. We therefore identified probands on the basis of which sibling within the pair had higher self-reported symptoms of depression. Siblings in each instance were less symptomatic than the probands, but were still permitted to vary on their levels of internalizing symptomatology. We modeled sibling symptoms continuously and examined whether sibling symptoms or proband symptoms were better predictors of neural response in siblings.
Consistent with previous evidence for the familial nature of reward-processing deficits, we hypothesized that reward sensitivity (measured via self-reports of PA and the magnitude of the RewP) would be familial. We further predicted that the RewP in the low-symptom (i.e., "healthy") siblings would relate specifically to probands' self-report of PA, but not NA. And finally, we anticipated that proband PA may be a better predictor of sibling RewP than sibling PA (particularly given that siblings were selected to have low levels of symptoms). This pattern of results would indicate that the magnitude of neural response to rewards in unaffected individuals reflects vulnerability for depressive illness, rather than current symptom dysfunction (Kujawa et al., 2014) .
Method Participants
Participants were recruited from the community and area mental health clinics (via fliers, Internet postings, etc.), on the basis of symptoms of anxiety and depression. In keeping with the aims of RDoC, we did not use a cutoff to demarcate between normal and abnormal levels of internalizing symptoms (Cuthbert, 2014; Cuthbert & Insel, 2013) . Instead, we used minimal symptom-based inclusion and exclusion criteria, and aimed to recruit a sample with a broad range of internalizing symptomatology. However, to ensure the clinical relevance of the sample, we also oversampled from individuals with severe psychopathology. Thus, the goal was to recruit a sample with normally distributed internalizing symptoms but with a mean more severe than the mean of the general population. Prior to their involvement in the study, participants were screened via telephone using the Depression, Anxiety, and Stress Scale (DASS; Lovibond & Lovibond, 1995) , a brief (21-item) measure of broad internalizing psychopathology (the measure was used to ensure that the sample had the above-mentioned distribution on internalizing symptoms). As manic and psychotic symptoms have been shown to be separable from internalizing disorders (Watson, 2005) , probands and siblings were excluded during screening if they had a personal or first-degree family history of a manic/hypomanic episode or psychotic symptoms, assessed via items from the Structured Clinical Interview for DSM-IV (SCID; First, Spitzer, Gibbon, & Williams, 1996) . Participants were also excluded if they were unable to read or write English, had a history of head trauma with loss of consciousness, or were left-handed. Potential participants were not excluded based on current psychotropic medication use, or current substance use.
Participants were eligible for the study if they were between the ages of 18 and 30, and had a full sibling between the ages of 18 and 30 who was also interested in participating. We opted to recruit siblings rather than other relatives because this approach allowed us to have siblings and probands matched on mean age. We restricted the age of the probands and siblings to 18 -30 because we were interested in risk for internalizing psychopathology. It was therefore critical that "healthy" (or low symptom) siblings were not out of the peak risk period for internalizing disorders (through age 45; Kessler et al., 2005) . The premise of examining whether healthy or low-symptom siblings of symptomatic probands have abnormal neural responses is that even though siblings have not developed significant symptoms, they still may carry the vulnerability marker (Zubin & Spring, 1977) . However, if a lowsymptom sibling was significantly past the peak risk period (e.g., age 50) and still had not developed symptoms, they may be less likely to carry the vulnerability marker, or may even be characterized by some resilience process that counteracted their vulnerability.
Participants were only included in the analyses that follow if complete ERP and self-report data were available from both members of the sibling pair (n ϭ 160). Of these, 10 individuals (from 10 families) were excluded as a result of excessive noise in the ERP data, leaving a final sample of n ϭ 140 individuals, from 70 sibling pairs. The final sample was 59% female, and was racially diverse (43.5% White American, 28% Hispanic, 13.4% African American, 7% Asian, 3.7% Middle Eastern, 2.4% "other," and 2.4% mixed race), well-educated (48.7% had completed at least some college education; 21.5% had completed 4 years of college) and relatively young (age M ϭ 22.54, SD ϭ 3.15). All procedures were approved by the University of Illinois-Chicago Institutional Review Board.
Measures
Current depression and anxiety symptoms were assessed in all participants using the expanded Inventory of Depression and Anxiety Symptoms (IDAS-II; Watson et al., 2012) . The IDAS-II is a 99-item factor-analytically derived self-report inventory of empirically distinct dimensions of depression and anxiety symptoms. Each item assesses symptoms over the past 2 weeks on a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely). The IDAS-II has demonstrated good internal consistency, test-retest reliability, and convergent and discriminant validity with diagnoses and self-report measures in similar populations (Watson et al., 2012; Watson et al., 2007) . The PA scale in the IDAS is called "well-being," (eight items, ␣ ϭ .84), and is defined by items reflecting high energy and positive affect specifically relating to depression (Watson et al., 2012; Watson et al., 2007) . To demonstrate the specificity of this association, we also include the NA scale, "dysphoria" (10 items, ␣ ϭ .88). This document is copyrighted by the American Psychological Association or one of its allied publishers.
VULNERABILITY TO DEPRESSION AND REWARD
In addition to self-report, lifetime diagnoses of depression were assessed via the SCID (First et al., 1996) , during their visit to the lab. Diagnosticians were trained to criterion on the SCID and supervised by a licensed clinical psychologist. In addition to depression symptoms, interviewers dimensionally assessed functional impairment and subjective distress due to past depression. Interviewers made separate ratings for impairments in the domains of social, occupational, and daily life, as well as perceived distress, along a 9-point scale ranging from 0 (none) to 8 (severe). The anchors for the scale were adopted from the Anxiety Disorders Interview Schedule (ADIS-IV; Brown, DiNardo, & Barlow, 1994) in which a 2 or higher was clinically significant distress or impairment.
Procedure
Both probands and siblings completed a battery of tasks and the order was counterbalanced across subjects. The present task was administered on a Pentium class computer, using the stimulus presentation software presentation (Neurobehavioral Systems, Inc.).
Task and Materials
The reward task was a simple guessing task which has been used in other studies concerned with reward processing (Foti & Hajcak, 2010; Foti, Weinberg, Dien, & Hajcak, 2011) . The task consisted of 60 trials, presented in three blocks of 20. At the beginning of each trial, participants were presented with an image of two doors and were instructed to choose one door by clicking the left or right mouse button. The doors remained on the screen until the participant responded. Next, a fixation mark (ϩ) appeared for 1,000 ms, and feedback was presented on the screen for 2,000 ms. Participants were told that they could either win $0.50 or lose $0.25 on each trial. A win was indicated by a green "1," and a loss was indicated by a red "2." Next, a fixation mark appeared for 1,500 ms and was followed by the message "Click for the next round," which remained on the screen until the participant responded and the next trial began. Across the task, 30 win and 30 loss trials were presented in a random order.
Psychophysiological Recording, Data Reduction, and Analysis
Continuous EEG recordings were collected using an elastic cap and the ActiveTwo BioSemi system (BioSemi, Amsterdam, Netherlands). Sixty-four electrodes were used, based on the 10/20 system, as well as two electrodes on the right and left mastoids. Electrooculogram (EOG) generated from eye movements and eyeblinks was recorded using four facial electrodes: horizontal eye movements (HEM) were measured via two electrodes located approximately 1 cm outside the outer edge of the right and left eyes. Vertical eye movements (VEM) and blinks were measured via one electrode placed approximately 1 cm below the left eye and electrode FP1. The data were digitized at a sampling rate of 1,024 Hz, using a low-pass fifth order sinc filter with 3dB cutoff point at 208 Hz. Each active electrode was measured online with respect to a common mode sense (CMS) active electrode, located between PO3 and POz, producing a monopolar (nondifferential) channel. CMS forms a feedback loop with a paired driven right leg (DRL) electrode, located between POz and PO4, reducing the potential of the participants and increasing the common mode rejection rate (CMRR). Offline, all data were analyzed in Brain Vision Analyzer (BVA) and were referenced to the average of the left and right mastoids, and band-pass filtered from 0.1 to 30 Hz; eyeblink and ocular corrections were conducted per an extension of the Gratton, Coles, and Donchin (1983) algorithm, which accounts for both vertical and horizontal eye movements.
A semiautomatic procedure was employed to detect and reject artifacts. The criteria applied were a voltage step of more than 50.0 V between sample points, a voltage difference of 300.0 V within a trial, and a maximum voltage difference of less than .50 V within 100-ms intervals. Visual inspection of the data was then conducted to detect and reject any remaining artifacts.
We used principal components analysis (PCA) to parse variability in the ERP related to gains versus loss. Traditional trialaveraged waveform measures of ERPs can conflate the activity of multiple components which overlap both spatially and temporally (e.g., Foti, Weinberg et al., 2011; Luck, 2005 Luck, , 2012 . Variation in the magnitude of activity in the time-window of the RewP, for instance, could be driven by either reward-or loss-related processes, or both, but in component-scored methods it can be difficult to isolate the contribution each component makes to the observed ERP. PCA, which can empirically identify unique sources of systematic variance within the trial-averaged waveform, may allow for more accurate identification of these components. Therefore, we used a two-step temporal-spatial PCA to better isolate reward-from loss-related variance within the trial-averaged waveform. While PCA can be vulnerable to latency and topographic variability across subjects, 1 this two-step PCA has been shown to be particularly adept at addressing latency and topographic variability across subjects. As demonstrated by Dien (1998) , the temporal and spatial PCAs have complementaryalbeit counterintuitive-strengths: The temporal PCA is better at identifying components that are spatially jittered, while the spatial PCA can characterize components that are temporally jittered (see Dien, 1998 , for a more in-depth explanation of this).
The EEG was segmented into 1,200-ms windows for each trial, beginning 200 ms before each feedback onset and continuing for 1,000 ms following feedback. A 200-ms window from Ϫ200 to 0 ms prior to feedback onset served as the baseline. Following this, two ERP averages for each participant were entered into the data matrix for the PCA (i.e., reward and nonreward). Using the Matlab ERP PCA Toolbox-Version 2 (Dien, 2010a), a temporal PCA was performed first to capture variance across time and to maximize the initial separation of ERP components (Dien & Frishkoff, 2005) . A promax rotation was used to rotate to simple structure in the temporal domain (Dien, 2010b; Dien, Khoe, & Mangun, 2007) . Following the first rotation, a parallel test (Horn, 1965) was conducted on the resulting Scree plot (Cattell, 1966) , in which the Scree of the actual dataset is compared with a Scree plot derived from a fully random dataset. The number of factors retained is based on the largest number of factors that account for a greater proportion of variance than the fully random dataset (see Dien, 2010a for more information). Based on this criterion, 20 temporal factors were extracted for rotation, and the covariance matrix and Kaiser normalization were used (Dien, Beal, & Berg, 2005) .
Following the temporal PCA, a spatial PCA was performed on each temporal factor retained in the previous step to reduce the spatial dimensions of the datasets. Infomax was used to rotate the spatial factors to independence (Dien, 2010b; Dien et al., 2007) . Based on the results of the parallel test (Horn, 1965) , four spatial factors were extracted from each temporal factor for Infomax rotation, yielding a total of 80 temporospatial factor combinations. To directly assess timing and spatial voltage distributions, we then translated the factors back into voltages (see, e.g., Foti, Weinberg, Dien, & Hajcak, 2011 , for a more detailed account of the methods). Sixteen factor combinations accounted for more than 1% of the variance each. Of these, one factor combination resembled the RewP, both in terms of timing and scalp distribution, and significantly differentiated rewards from nonrewards (Temporal Factor 3, Spatial Factor 1, TF3SF1). This factor combination accounted for 5.99% of the variance in the overall solution. We report the factor loadings for the nonreward and reward conditions separately.
Data were then statistically evaluated using SPSS (Version 20). Pearson's r and intraclass correlations (ICC) were calculated for each measure the siblings had in common (e.g., proband PA associated with sibling PA). Pearson's r was also calculated across measures (e.g., proband PA associated with sibling RewP) to examine the association between proband self-report and sibling neural response. Following this, two hierarchical linear regressions were conducted to examine the relative contribution of proband and sibling symptoms to sibling response. Table 1 displays demographic information for the proband and sibling groups, as well as means for subscales of the IDAS.
Results

Participant Characteristics
2 As indicated, probands reported significantly more symptoms of depression than their siblings, as well as lower levels of PA. For the probands, means on each of the scales reported on here were within one standard deviation of the means for the outpatient clinical samples reported on in Watson et al. (2007) .
Results of the PCA
The PCA-derived factor of interest (i.e., TF3SF1) was evident as a central positivity maximal at 330 ms. These results resemble the results of several previous PCA analyses of the RewP (Carlson et al., 2011; Foti, Weinberg et al., 2011; Liu et al., 2014; Weinberg et al., 2014) , in that the positivity is enhanced for reward (M ϭ 20.01, SD ϭ 9.26) relative to nonreward (M ϭ 12.81, SD ϭ 7.77) ,  F(1, 128) Table 2 displays Pearson's correlations between ERP factor scores and the IDAS PA and NA subscales within the proband and sibling groups separately. In the probands, the magnitude of the response to rewards correlated with PA in probands, such that greater PA predicted a larger response to rewards. No such correlation was observed within the siblings. Table 3 displays Pearson's correlations and ICC between sibling pairs for neural response to rewards and nonrewards, as well as symptoms reported on the IDAS. As shown in Table 3 , both the neural response to rewards and nonrewards appear familial. However, the association was stronger for the response to rewards. The correlation between proband and sibling responses to nonrewards was only marginally significant. There was also evidence for familial transmission of current symptoms of NA, as well as trend-level associations for current PA.
Within-Subject Association of Symptoms and ERPs
Familial Nature of ERPs and Symptoms
Because we were interested in predicting sibling neural response to rewards from proband symptoms, cross-measure correlations between sibling pairs are also presented in Table 3 . As indicated, only proband PA was significantly related to sibling ERPs. This effect was significant and stronger for the response to rewards than to nonrewards. A scatterplot depicting this bivariate association with the response to rewards is presented in Figure 1A . For presentation purposes, a median split was conducted on proband PA (note: analyses were not conducted on this median split). Figure 2 displays grand average response-locked ERPs at FCz, displaying the ERPs in siblings of probands with high (i.e., above the median) levels of PA and low (i.e., below the median) levels of PA. Topographic maps are also presented in Figure 3 for siblings of probands high (top) and low (bottom) in PA. These maps depict voltage (in V) across the scalp for nonreward (left) and reward (right) responses in the time window of the RewP.
Specificity of Effects (PA vs. NA and Effect of Sibling's Own Symptoms)
Following this, two hierarchical multiple regression analyses were calculated to examine effects on sibling responses to rewards and nonreward. In each instance, proband neural response to This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
5
VULNERABILITY TO DEPRESSION AND REWARD rewards or nonrewards was entered in the first step, followed by proband PA in the second step, and proband NA in the third step. Finally, sibling PA and NA were entered in the fourth step.
Results for neural response to rewards are presented in Table 4 . In the final model, proband neural response to rewards continued to significantly predict sibling neural response to rewards, ␤ ϭ .27, t(57) ϭ 2.00, p Ͻ .05. Additionally, the proband's level of PA predicted the sibling's neural response to rewards, ␤ ϭ .30, t(57) ϭ 2.22, p Ͻ .05, even after accounting for proband NA, sibling PA, and sibling NA. Proband NA, t(57) ϭ .17, p ϭ .87, sibling PA, t(57) ϭ .92, p ϭ .36, and sibling NA, t(57) ϭ .13, p ϭ .90, did not significantly predict the magnitude of the sibling neural response to rewards.
Results for neural response to nonrewards are presented in Table  5 . After controlling for the effects of proband and sibling selfreport, proband neural response to nonrewards did not significantly predict sibling neural response to nonrewards, t(57) ϭ .21, p ϭ .84, nor did proband PA, t(57) ϭ 1.20, p ϭ .24. In addition, neither sibling PA, t(57) ϭ .22, p ϭ .83, nor sibling NA, t(57) ϭ 1.81, p ϭ .07, significantly predicted the magnitude of the sibling neural response to nonrewards.
Sibling History of Depression
The analyses above suggest that a sibling's neural response to rewards is better predicted by proband symptoms than the siblings' own current symptoms. To examine whether a blunting in siblings' neural response to rewards might be a consequence of previous depressive episodes, we also compared the neural response to rewards in siblings with (n ϭ 18) and without (n ϭ 52) a prior diagnosis of MDD. The neural response to rewards t(69) ϭ .46, p ϭ .65 did not differentiate siblings with and without a history of MDD. Finally, we examined whether the neural response to rewards in siblings was related to past depression-related impairment. No measure of functional impairment (social, occupational, daily life, or perceived distress) was significantly correlated with the magnitude of the neural response to rewards in siblings (all ps Ͼ .20).
Discussion
The results of the present study demonstrate that neural response to rewards is related to symptoms of depression, and is familial. Consistent with previous studies, symptoms of depression (specifically low PA) were associated with a blunted neural response to rewards in the more-depressed proband group (Foti, Carlson et al., 2014; Foti & Hajcak, 2009 ). Additionally, the data indicate that low PA in probands is associated with a reduced neural response to rewards in their less-ill siblings, even controlling for the sibling's own current PA and NA. These results suggest that the RewP is familial, and that it may reflect a familial liability that is independent of current symptom expression. Combined, these analyses suggest that a blunted neural response to rewards may represent a stable and enduring vulnerability factor for the development of depression, and may therefore be a viable tool to aid in the identification of at-risk individuals.
These results are consistent with previous studies that have found that abnormal response to rewards may be a vulnerability marker for MDD Gotlib et al., 2010; Kujawa et al., 2014; McCabe, Woffindale, Harmer, & Cowen, 2012) . For example, a prospective study found that blunted striatal response to rewards in adolescents predicted increased depression two years later (Morgan, Olino, McMakin, Ryan, & Forbes, 2013), and Harmer (2009) found that abnormal striatal functioning persists even after the remission of an MDD episode. Combined with the present results, these studies indicate that abnormalities in the neural system supporting reward responding may represent a trait marker of vulnerability for depression.
However, the present findings extend previous results in several key ways. First, as discussed above, depressive disorders are heterogeneous and not all individuals with these conditions exhibit blunted reward response (Foti, Carlson et al., 2014; Pelizza & Ferrari, 2009) . Moreover, there are several nondepressive disorders that are also associated with impairments in PA and reward processing (Bernat, Nelson, Steele, Gehring, & Patrick, 2011; Bjork, Chen, Smith, & Hommer, 2010; Gatzke-Kopp et al., 2009; Volkow et al., 2009; Volkow et al., 2011) . The present analyses (and study design) therefore took an RDoC approach and examined the dimension of positive affect as a predictor. These results This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
6 may therefore be useful in further specifying a vulnerability for a transdiagnostic dimension that has been shown to have important predictive validity (Fawcett, Clark, Scheftner, & Hedeker, 1983; Pelizza & Ferrari, 2009) . Second, the majority of studies examining the association between reward processing and family history of depression have only collected neural response from the vulnerable individual, not the affected family member. In the present study, we collected neural response from both members of a sibling pair. This allowed us to examine and control for the significant correspondence between proband and sibling reward response.
Finally, in the present study, we used PCA to empirically identify a positivity that is enhanced for rewards and blunted for nonreward. These results align with evidence from previous work suggesting that the trial-averaged ERPs in this time-window may depend more upon a positive-going response to rewards that is absent or reduced on nonreward trials (Foti, Weinberg et al., 2011; Weinberg et al., 2012; Weinberg et al., 2014) . Isolating this reward-related activity further allowed us to demonstrate specificity of the PA-reward associations.
Consistent with the aims of RDoC, the sibling group in the present study included individuals who were currently experiencing some level of depressive symptoms. This allowed us to examine whether proband PA was a better predictor of sibling reward response than the sibling's own symptoms. Moreover, within the sibling group, the RewP did not differentiate those with and without a history of MDD, and was not related to past depressionrelated impairments, suggesting that the blunted RewP is not merely a consequence of having experienced depression. Within the sibling group, no association was observed between the RewP and level of PA, which may be due to the limited range (and thus limited variance) of symptoms in the sibling group.
The age range selected in the present sample also ensured that the low-symptom siblings can still be considered at risk. In the general population, approximately 50% of first-onset episodes of MDD or dysthymia will occur after the age of 30 (Kessler et al., This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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VULNERABILITY TO DEPRESSION AND REWARD 2005), and more than 25% of all first-onset episodes will occur between the ages of 30 and 44 (Kessler et al., 2005) . With a mean age of 22, our sample of siblings can therefore still be considered vulnerable to a first onset of depression, particularly considering that we did not select siblings on the basis of very low levels of depressive symptoms. Indeed, some individuals in the sibling group reported elevated levels of depression relative to normative young adult samples (Watson et al., 2007) , and there is evidence that adults with observable depressive symptoms are four to five times more likely than those without symptoms to develop clinically significant levels of depression in a 1-year period (Horwath, Johnson, Klerman, & Weissman, 1992) . Thus, it is also possible This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
8 that the blunted reward processing that we have observed reflects risk for an exacerbation of symptoms and an increase in severity, rather than the first emergence of symptoms. This is still an important form of vulnerability. Another possibility is that the siblings we observed are not vulnerable individuals, but rather resilient (Ingram & Luxton, 2005) . That is, even though the siblings of probands exhibit the vulnerability marker of blunted neural response to reward, there could be other factors that protected them from developing depressive symptoms (or at least symptoms at the level of the proband). Longitudinal prospective studies will also be important in understanding this.
Because the present design was a family study drawing from a sample of siblings, we cannot draw conclusions as to whether the observed effects can be attributed to genetic or environmental influences-or some interaction of the two (Ingram & Luxton, 2005) . Although there is some support for the activity of dopaminergic genes relating specifically to the magnitude of the RewP (e.g., , there is also evidence that the experience of acute environmental stress can attenuate the RewP (Bogdan, Santesso, Fagerness, Perlis, & Pizzagalli, 2011) . Prospective and genetically informed (i.e., twin) designs will be necessary to evaluate the way that reward sensitivity relates to the association between familial vulnerabilities and the development of depression.
In sum, blunted neural response to rewards was apparent in unaffected individuals with a family history of low PA, and this family history of low PA was a better predictor of sibling reward response than the unaffected individual's own current symptoms. It is important to note that reward-related disruptions may not be unique to depression and vulnerability to depression nor even to internalizing disorders (Bernat et al., 2011; Bjork et al., 2010; Gatzke-Kopp et al., 2009; Volkow et al., 2009; Volkow et al., 2011) . It is possible that variation in the systems that support reward responding may play a role in externalizing or psychotic disorders as well (Kring & Elis, 2013) . In light of RDoC's mission, future research should continue to refine the specific phenotype to which the RewP relates, as well as whether and how abnormalities in the RewP cross diagnostic boundaries. Clearer explications of the transdiagnostic constructs described in RDoC should be useful in moving biological and psychological units of analysis closer to one another, and will be imperative to improving our understanding of the etiology of psychopathology (Shankman & Gorka, in press ). This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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